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I.  SUMMARY 

Methods are proposed for the spectrophotometrlc determination of 
trace amounts of silicon, iron, and aluminum in nitrocellulose-base 
propellants. The silicon is determined by the molybdenum blue method 
after treatment of the propellant with nitric acid, evaporation to 
dryness, ignition, fusion with sodium carbonate, and adjustment to pH 
1.2-1.3. The iron is determined with ortho-phenanthroline after 
treatment with nitric and sulfuric acids, evaporation to fumes of sul- 
furic acid, adjustment to pH 5.5-5.6, and reduction with hydroxylamine 
hydrochloride.  The aluminum is determined using a composite aluminon 
reagent after treatment with nitric and perchloric acids, evaporation 
to fumes of perchloric acid, removal of the iron by a cupferron 
precipitation, and destruction of the cupferron by evaporation to 
fumes of perchloric acid. Results are given for silicon, iron, and 
aluminum in twenty propellant samples. The silicon ranged from 0.001 
to 0.022%, the iron from 0.004 to 0.032%, and the aluminum from 0.0001 
to 0.0040%. 

II.  RECOMMENDATIONS 

It is recommended that the methods in this report be included in 
MIL-STD-286 (Military Standard, Propellants, Solid: Sampling, Examin- 
ation and Testing). 

III.  INTRODUCTION 

It is the purpose of the present investigation to develop 
methods for the determination of silicon, iron, and aluminum in nitro- 
cellulose-base propellants and to ascertain how much silicon, iron, 
and aluminum is present in typical nitrocellulose-base propellants. 
It is known that small amounts of these elements are present in nitro- 
cellulose-base propellants but no exact figures are available because 
of the lack of adequate analytical methods. 



IV.  STUDY 

A.  DEVELOPMENT OF METHODS FOR THE DETERMINATION OF 
SILICON, IRON, AND ALUMINUM 

1. Determination of Silicon 

In the determination of silicon, the sample was dissolved in 
nitric acid in a platinum crucible, the solution evaporated to dryness, 
the organic matter burned off, the residue fused with sodium carbonate, 
and the silicon determined spectrophotometrically by the molybdenum 
blue method.  The present authors modified the molybdenum blue method 
of Carlson and Banks (1, 3) (previously used for the determination 
of silicon in zirconium). A sodium carbonate fusion for bringing 
silicon into solution prior to the spectrophotometric determination 
has been used previously for organic materials (2).  It is recommended 
that the calibration curve be prepared by evaporating aliquots of 
standard silicon solution to dryness and fusing with sodium carbonate 
as in the method. 

Determination of Iron 

The iron was determined spectrophotometrically with ortho- 
phenanthroline after treating the samp]e with nitric and sulfuric 
acids and evaporating to fumes of sulfuric acid.  The ortho-phenanthro- 
line color was developed after neutralizing to pH 5.5-6.0 and reducing 
the iron with hydroxylamine hydrochloride, as has been done previously 
in the determination of iron in zirconium (1). 

Determination of Aluminum 

The aluminum was determined spectrophotometrically with aluminon 
after treating the sample with nitric and perchloric acids, evaporation 
to fumes of perchloric acid, elimination of the iron by a cupferron 
precipitation, and destruction of organic matter by evaporation to 
fumes of perchloric acid.  The composite aluminon reagent of Craft and 
Makepeace (4), slightly modified for convenience, was used.  This 
composite reagent contains aluminon, ammonium acetate (prepared by 
mixing ammonium hydroxide and acetic acid and adjusting the pH) , gelatin, 
and a preservative (benzoic acid).  The present authors developed the 
color by adding 15.0 ml of the composite reagent to 50 ml of solution 



and heating in a boiling water bath for about 13-15 minutes. This 
produced a clear lake and very reproduceable results. Craft and 
Makepeace developed the color by adding 15.0 ml of the composite 
reagent to 5 ml of solution, heating at 90°-100°C for 10 minutes, and 
allowing to stand at room temperature for 10 minutes.  In the present 
method, the pH of the solution after the addition of the composite 
aluminon reagent was 5.35.  In the method of Craft and Makepeace (4) 
the pH of the solution after the addition of the composite aluminon 
reagent was 5.4 (however, in formulating the composite aluminon reagent, 
Craft and Makepeace established a recommended pH of 5.3 as determined 
by diluting to 100 ml after adding the composite aluminon reagent). 

A study of the effect of time of heating in the boiling water 
showed that the color developed fully in 12 minutes and did not change 
on continued heating for 1 hour. The composite reagent, after it has 
been aged for 3 days, is stable for a month. As has been stated by 
previous investigators (4, 12, 13), the intensity of the color varies 
with different lots of aluminon, hence a new calibration curve must be 
prepared with each lot of aluminon. Craft and Makepeace (4) estab- 
lished that perchlorate does not interfere with the determination of 
aluminum by aluminon. 

The elimination of the iron by a cupferron precipitation in a 
10% perchloric acid solution offered no difficulties. Previous inves- 
tigators (5) have used a sulfuric or hydrochloric acid solution for 
this precipitation.  It was found that elimination of the iron by 
precipitation with cupferron gave better results for aluminum than 
were obtained by complexing the iron with mercaptoacetic acid (the 
latter reagent decreases the intensity of the aluminon color (12)). 

B.  RECOMMENDED METHOD FOR THE DETERMINATION OF SILICON 

Reagents 

Silicon dioxide, prepared by treating about 3 grams of sodium 
metasilicate (Na2Si03.9H20) with water, adding 25 ml of perchloric acid, 
evaporating to fumes of perchloirc acid, fuming for 10-15 minutes, 
adding water, filtering, washing with water, burning off the filter 
paper, and igniting at red heat. 

NOTE: Store all of the following reagents in polyethylene 
bottles. 

Standard silicon solution No. 1 (1 ml •= 0.05 mg Si). Fuse 0.1070 
gram of silicon dioxide with 1 gram of sodium carbonate, cool, dissolve 
the melt in water, and dilute to 1 liter in a volumetric flask. 
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Standard silicon solution No. 2 (1 ml - 0.01 mg Si).  Dilute 
100 ml of standard silicon solution No. 1 to 500 ml in a volumetric 
flask. 

Molybdic acid solution. Dissolve 25 grams of ammonium molybdate 
tetrahydrate (NH^MOO^A *4H20) in 200 ml of water, add 20 ml of 
sulfuric acid, cool, and dilute to 250 ml. 

Tartaric acid solution (20%). 

Reducing solution. Dissolve 27 grams of sodium hydrogen sulfite 
(NaHSOg), 2 grams of sodium hydroxide, and 0.5 gram of l-amino-2- 
naphthol-4-sulfonic acid in water, and dilute to 250 ml. Prepare 
fresh every 2 weeks. 

Ammonium hydroxide (silica-free). Bubble ammonia gas into 250 ml 
of water (10 C) in a polyethylene bottle until appearance of excess gas 
bubbles indicates that the solution is saturated. 

2.  Preparation of Calibration Curve 

Transfer 0.0, 2.0, 4.0, 7.0, 10.0, and 12.5 ml of standard 
silicon solution No. 2 (1 ml • 0.01 mg Si) to platinum crucibles. 
Evaporate to dryness and fuse with 1 gram of sodium carbonate over a 
Meker burner. Add 25 ml of water and warm on the hot plate until the 
melt is dissolved. Wash into polyethylene beakers, dilute to about 
80 ml, and cool to 23°+2°C (maintain this temperature to the end of the 
determination). Add 4 ml of molybdic acid solution from a pipet and 
swirl to eliminate excess carbon dioxide.  Using hydrochloric acid 
(1 to 3) or ammonium hydroxide (silica-free), adjust the pH to 1.2-1.3 
by means of a pH meter, swirling to eliminate carbon dioxide. Allow 
the solution to stand 8-12 minutes.  Working with only one solution at 
a time, add 4 ml of tartaric acid solution (20%) from a graduate, 
swirl, and immediately follow with 4 ml of reducing solution from a 
graduate (have the reducing solution ready in the graduate so that 
little time will elapse between the addition of the tartaric acid and 
reducing solutions). Wash into 100-ml volumetric flasks and dilute 
to the mark. Read the absorbance in 30 to 45 minutes at 815 run with 
a spectrophotometer that has been set to 100% transmittance with the 
reagent blank. Plot absorbance against mg of silicon (per 100 ml). 

Procedure 

For up to 0.012% silicon use a 1-gram sample; for 0.012 to 0.024% 
silicon use a 0.5-gram sample.  Transfer the sample to a platinum 
crucible and add 5 ml of nitric acid. Warm until the vigorous reaction 
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has ceased and then evaporate to dryness.  Ignite at red heat until 
the residue is white. Fuse with 1 gram of sodium carbonate, dissolve 
the melt in water, and develop the color as described under the 
preparation of the calibration curve. Convert the reading to mg of 
silicon by referring to the calibration curve and calculate the per- 
cent silicon as follows: 

...      mg of silicon as read from curve 
Percent silicon - —° 7 ;—„ .»  grams of sample X 10 

C.  RECOMMENDED METHOD FOR THE DETERMINATION OF IRON 

1. Reagents 

Standard iron solution No. 1 (1 ml «= 1.0 mg Fe). Dissolve 
1.0000 gram of high-purity iron in 50 ml of hydrochloric acid (1 to 1) 
by heating on the hot plate, cool, and dilute to 1 liter. 

Standard iron solution No. 2 (1 ml - 0.1 mg Fe).  Pipet 25 ml 
of standard iron solution No. 1 into a 250-ml volumetric flask and 
silute to the mark. 

Tartaric acid solution (20%). 

Hydroxylamine hydrochloride (10%).  Store in a refrigerator. 

Ortho-phenanthroline solution (0.2%).  Dissolve 0.20 gram of 
ortho-phenanthroline in hot water, cool, and dilute to 100 ml. Store 
in a refrigerator. 

2. Preparation of Calibration Curve 

Transfer 0.0, 0.5, 1.0, 2.0, 3.0, and 4.0 ml of standard iron 
solution No. 2 (1 ml * 0.1 mg Fe) to 150-ml beakers and dilute to 
about 25 ml. Add 5 ml of tartaric acid solution (20%), 1 ml of hydrox- 
ylamine hydrochloride solution (25%), and 5 ml of ortho-phenanthroline 
solution (0.2%), swirling after the addition of each reagent. Add 
ammonium hydroxide (1 to 2) until the pH is 5.5-6.0 (using pH paper). 
Wash the solution into 100-ml volumetric flasks, dilute to about 90 ml, 
and heat in a water bath at about 60°-70°C for about 30 minutes. Cool 
to room temperature and dilute to the mark. Read the absorbance at 510 
nm with a spectrophotometer that has been set to 100% transmittance with 
the reagent blank. Plot absorbance against mg of iron (per 100 ml). 



3. Procedure 

Transfer a 5-gram sample to a 400-ml beaker, add 20 ml of nitric 
acid, and warm gently until the vigorous reaction has ceased. Add 5 
ml of sulfuric acid, evaporate to fumes of sulfuric acid, and add 
nitric acid dropwise until the organic matter is destroyed.  Evaporate 
to a volume of about 2 ml, adding more nitric acid dropwise if neces- 
sary. Allow to cool, add about 50 ml of water, and boil for a few 
minutes. Allow to cool, filter through a Whatman No. 40 filter paper 
into a 100-ml volumetric flask, and wash with water. Discard the 
filter paper and dilute the filtrate to the mark. Pipet a 25-ml 
aliquot (equivalent to a 1.25-gram sample) into a 150-ml beaker and 
develop the color as described under preparation of the calibration 
curve. Convert the reading to mg of iron by referring to the cali- 
bration curve and calculate the percent iron as follows: 

mg of iron as read from curve 
Percent iron = gramg of sample ln aiiquot x 10 

D.  RECOMMENDED METHOD FOR THE DETERMINATION OF ALUMINUM 

1.  Reagents 

Standard aluminum solution No. 1 (1 ml = 0.25 mg Al).  Dissolve 
0.2500 gram of high-purity aluminum in 25 ml of hydrochloric acid 
(1 to 1) by heating on the hot plate, cool, and dilute to 1 liter in a 
volumetric flask. 

Standard aluminum solution No. 2 (1 ml = 0.01 mg Al). Pipet 10 
ml of standard aluminum solution No. 1 into a 250-ml volumetric flask 
and dilute to the mark.  Prepare fresh daily. 

Benzoic acid solution (10%). Dissolve 50 grams of benzoic acid 
in 500 ml of methanol. 

Acetate buffer for aluminon reagent. Cool 470 ml of ammonium 
hydroxide in an ice bath and add 430 ml of glacial acetic acid slowly 
with stirring. Cool to room temperature and add more acid or base to 
bring the pH to 5.25-5.35 when 2.5 ml of the solution is diluted to 
50 ml with water. After the proper pH has been obtained, dilute to 1 
liter with water. 

Gelatin solution (1%). Add 3.5 grams of gelatin to about 250 ml 
of hot water while stirring, warm until clear, cool, and dilute to 
350 ml. 
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Composite aluminon reagent. Dissolve 0.35 gram of aluminon in 
about 200 ml of water, add 70 ml of benzoic acid solution (10%), and 
dilute to 350 ml.  Add 350 ml of buffer solution and 350 ml of gelatin 
solution (1%).  Allow to stand for 3 days or more before using.  Store 
in a dark bottle. 

Cupferron solution (5%), cold, freshly prepared, filtered. 

Cupferron wash solution. Add 30 ml of cupferron solution (5%) 
and 3 ml of perchloric acid to 200 ml of ice water. 

2.  Preparation of Calibration Curve 

Transfer 0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 ml of aluminum solution 
No. 2 (1 ml - 0.01 mg Al) to 100-ml of volumetric flasks and dilute to 
about 50 ml.  Add 15.0 ml of composite aluminon reagent with a pipet 
and place the flasks in boiling tap water (about 500 ml) contained in 
600-ml beakers on the hot plate for 13-15 minutes.  Cool and dilute to 
the mark.  Read the absorbance within 2 hours at 540 nm with a spectro- 
photometer that has been set to 100% transmittance with the reagent 
blank. Plot absorbance against mg of aluminum (per 100 ml). 

3.  Procedure 

Transfer a 4-gram sample to a 400-ml beaker, add 20 ml of nitric 
acid, and warm gently until the vigorous reaction has ceased.  Boil 
down to about 10 ml and allow to cool somewhat. Add 10 ml of per- 
chloric acid (70%), evaporate to fumes of perchloric acid, and add 
nitric acid dropwise until the solution is colorless.  Adjust the 
volume of perchloric acid to about 5 ml, either by further heating or 
by adding more perchloric acid.  Allow to cool somewhat, add 45 ml of 
water, and cool in an ice bath. Add about 2 ml of cupferron solution 
(5%) dropwise from a pipet while stirring.  Filter through a Whatman 
No. 42 filter paper into a 150-ml beaker. Wash with cupferron wash 
solution, add 20 ml of nitric acid to the filtrate, evaporate to fumes 
of perchloric acid, and continue fuming to a volume of about 2 ml. 
Allow to cool and add 25 ml of water.  Add ammonium hydroxide (1 to 1) 
until the solution is just alkaline to litmus paper and then add hydro- 
chloric acid (1 to 1) until the solution is just acid to the litmus 
paper. Wash into a 100-ml volumetric flask and dilute to the mark. 
For up to 0.0025% aluminum,pipet a 50-ml aliquot (equivalent to a 2- 
gram sample) into a 100-ml volumetric flask; for 0.0025 to 0.0050% 
aluminum^use a 25-ml aliquot and add 25 ml of water.  Add 15.0 ml of 
composite aluminon reagent and develop the color as described under 
preparation of calibration curve.  Convert the reading to mg of alumi- 
num by referring to the calibration curve and calculate the percent 
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aluminum as follows: 

mg of aluminum as read from curve 
Percent aluminum = grams of 3ampie ln aiiqUot X 10 

NOTE:  Clean the spectrophotometer cells and volumetric flasks 
with hydrochloric acid (1 to 1) after each determination. 

E.  RESULTS FOR SILICON, IRON, AND ALUMINUM 

The results obtained for silicon, iron, and aluminum in twenty 
propellant samples are shown in Table I. It is seen that the precision 
is satisfactory. The silicon ranged from 0.001 to 0.022%, the iron 
from 0.004 to 0.032%, and the aluminum from 0.0001 to 0.0040%. 

Synthetic samples were prepared by adding portions of standard 
silicon, iron, and aluminum solutions to a sample that contained only 
slight amounts of silicon, iron, and aluminum (sample 18, Table I) and 
proceeding as in the methods, using the sample as a blank.  The recov- 
eries (Table II) were satisfactory. 

The sources of the silicon, iron, and aluminum are the raw 
materials and the equipment used In the manufacturing process.  Insofar 
as the raw materials are concerned, It is believed that most of the 
silicon, iron, and aluminum originate from nitrocellulose, graphite, 
calcium carbonate, potassium nitrate, potassium sulfate, and sodium 
sulfate.  The last five substances are minor ingredients of nitro- 
cellulose-base propellants (the total for all the ingredients will 
rarely exceed 1.5%).  The military specification for nitrocellulose (8) 
has no requirement for metallic impurities but has a maximum ash 
requirement of 0.4%.  The military specification for graphite (7) like- 
wise has no requirement for metallic impurities but has a maximum ash 
requirement of 0.6%.  The military specification for calcium carbonate 
(6) has a requirement of iron plus aluminum, calculated as the oxides, 
of 0.7% maximum.  The military specification for potassium nitrate (9) 
has a requirement of iron plus aluminum, calculated as the oxides, as 
0.5% maximum.  The military specifications for potassium sulfate (10) 
and sodium sulfate (11) have no requirement for metallic impurities; 
however, they have minimum assay requirements of 99% and 98%, respec- 
tively. 
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VI.  TABLES 

Table I. Results for Silicon, Iron, anc Aluminum in 
Nitrocellulose-Base Propellant s 

Sample Type Silicon (%) Iron m Aluminum (X) 

1 WC846 0.004, 0.005 0.016, 0. 014 0.0015, 0.0016 
2 WC852 0.004 0.016, 0. 014 0.0025, 0.0026 
3 WC852 0.004 0.016 0.0021 
4 CAN141 0.006 0.014 0.0022 
5 IMR5010 0.001, 0.001 0.005, 0. 006 0.0011, 0.0013 
6 CMR100-126 0.001, 0.002 0.006 0.00072 
7 Ball carb. 0.009 0.030, 0. 032 0.0021 
8 WC846 0.022a, 0.022a 0.030, 0. 028 0.0038b, 0.004 
9 IMR8208 0.002 0.007 0.00083 

10 WC844 0.010, 0.009 0.014 0.0014 
11 WC870 0.004 0.012 0.0001, 0.0001 
12 IMR4895 0.001 0.007 0.0001 
13 IMR4475 0.001 0.004 0.0001 
14 WC846 0.001 0.013 0.0015 
15 WC844 0.007 0.005 0.0021 
16 IMR5010 0.001 0.005 0.00070 
17 SR7641 0.002 0.004 0.00051 
18 IMR5010 0.001 0.004 0.00051 
19 Foreign 0.003 0.004 0.00092 
20 SR8231 0.001 0.004 0.00083 

^.5-gram sample, 

boc._, .-,,..... 25-ml aliquot. 
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Table II. Results for Synthetic Samples 

Synthetic sample Found 

1 gram sample 18a + 0.010 mg Si 0.012 mg Si 

1 gram sample 18 + 0.030 mg Si 0.032 mg Si 

1 gram sample 18 + 0.100 mg Si 0.097 mg Si 

5 grams sample 18 + 0.20 mg Fe 0.20 mg Fe 

5 grams sample 18 + 0.80 mg Fe 0.84 mg Fe 

5 grams sample 18 + 1.20 mg Fe 1.28 mg Fe 

4 grams sample 18 + 0.020 mg A1C 0.018 mg Al 

4 grams sample 18 + 0.040 mg Al 0.044 mg Al 

4 grams sample 18 + 0.080 mg Alc 0.086 mg Al 

aThis sample was used as the blank (see Table I). 

b25-ml aliquot. 

c50-ml aliquot. 
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1       AMSTA-RKMD, Mr. F. Lemmer 
1       AMSTA-RKAB, Mr. W. Wulf 
1       AMSTA-RHP, Mr. 0. Renius 
1       AMSTA-QE, Mr. P. Duika 
1 AMSTA-RKAM, Mr. D. J. Hackenbruch 

Commander, U. S. Army Armament Command, Rock Island, IL  61201 
2 ATTN: AMSAR-QA 
1       AMSAR-SC 
1        AMSAR-RDP 
1        AMSAR-EN 

Commander, Edgewood Arsenal, Aberdeen Proving Ground, MD  21010 
1 ATTN:  SAREA-TS-A 
1 SAREA-PA 
1 SAREA-PA-Q 
1 SAREA-PA-T 

Commander, Picatinny Arsenal, Dover 
1 ATTN:  SARPA-TS-S, Mr. M. Costello 
1 SARPA-FR-P, Mr. H. DeFaxio 
1 SARPA-FR-S, Mr. T. M. Roach, 
1 SARPA-FR-G, Mr. A. J. Clear 
1 SARPA-QA-T, Mr. D. Stein 
1 SARPA-FR-M, Mr. W. Powers 

07801 

Jr. 
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Commander, Frankford Arsenal, Philadelphia, PA  19137 
1 ATTN:  SARFA-TSE-519-1 
1 SARFA-TSE-E-230-1 
1 SARFA-TS-219-2 
2 Authors 
1 SARFA-TSE-M-64-1 
2 SARFA-TSP-L-55-2 
4 SARFA-TSP-T-219-2 
1 SARFA-PA-107-2 
1 SARFA-CO-107-1 

Commander, Rock Island Arsenal, Rock Island, IL  61201 
1 ATTN:  9320, Research and Development 
1 SARRI-LEQ, Mr. J. Hausman 
2 SARRI-LER, Mr. W. Kisner 
1        SARRI-Q, Mr. W. Betts 
1        SARRI-RS, Mr. V. Long 
1 SARRI-R, Mr. W. McHenry 

2 Commander, Watervliet Arsenal, Watervliet, NY  12189 
1 ATTN:  SARWV-PPI, Mr. L. A. Jette 
1 SARWV-RDS, Mr. M. L. Slawsky 
1 SARWV-RDR, Dr. F. W. Schmeideshoff 
1 SARWV-QA, Mr. J. J. Miller 
1 SARWV-QA, Quality Assurance Directorate 

Commander, U. S. Army Aviation Systems Command, St. Louis, MO 
63166 

1 ATTN: AMSAV-EE 
1 AMSAV-EEG 
1 AMSAV-FEE 
1 AMSAV-LE 
1 AMSAV-LEP 
1 AMSAV-LSA 
1 AMSAV-PV 
1 AMSAV-EFS 

Commander, U. S. Army Aeronautical Depot Maintenance Center (Mail 
Stop 55), Corpus Chrlsti, TX  78419 

1 ATTN:  AMSAV-FES, Mr. Bee 

Director, U. S. Army Production Equipment Agency, Rock Island Arsenal 
Rock Island, IL  61201 

1 ATTN:  AMXPE-MT 

Commander, Harry Diamond Laboratories, Connecticut Avenue and 
Van Ness Street, NW, Washington, DC  20438 

2 ATTN: AMXDO-EDE 
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Commander, U. S. Army Test & Evaluation Command, Aberdeen Proving 
Ground, MD  21005 

1 ATTN: AMSTE-RA 

Commander, U. S. Army White Sands Missile Range, WSMR, NM  88002 
1 ATTN:  STEWS-AD-L 
1       STEWS-ID-P 

1 Commander, U. S. Army Tropic Test Center, ATTN:  STETC-XO-A, 
Drawer 942, Ft. Clayton, AZ 

Commander, Aberdeen Proving Ground, MD  21005 
1 ATTN:  STEAP-MT 
1       STEAP-TL 
1       STEAP-MT-M, Mr. J. A. Feroli 
1       STEAP-MT-G, Mr. R. L. Huddleston 

Commander, U. S. Army Arctic Test Center, APO Seattle, WA  98733 
1 ATTN:  STEAC-MO-AS 

Commander, Dugway Proving Ground, UT  84022 
1 ATTN:  STEPD-TO(D) 

Commander, U. S. Army Electronic Proving Ground, Ft. Huachuca, AZ 
85613 

1 ATTN:  STEEP-MT 

Commander, Jefferson Proving Ground, Madison, IN  47250 
1 ATTN:  STEJP-TD-I 

President, U. S. Army Airborne, Communications & Electronics Board, 
Ft. Bragg, NC  28307 

1 ATTN:  STEBF-TD 

President, U. S. Army Air Defense Board, Ft. Bliss, TX  79916 
1 ATTN:  STEBD-TD 

Presidnet, U. S. Army Armor & Engineer Board, Ft. Knox, KY  40121 
1 ATTN:  STEBB-TD 

President, U. S. Army Aviation Test Board, Ft. Rucker, AL  36360 
1 ATTN:  STEBG-MT 

President, U. S. Army Field Artiller Board, Ft. Sill, OK  73503 
1 ATTN:  STEBA-TD 

Commander, U. S. Army Yuma Proving Ground, Yuma, AZ  85364 
1 ATTN:  STEYP-MTS 
1        STEYP-ADT 
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President, U. S. Army Infantry Board, Ft. Benning, GA  31905 
1 ATTN:  STEBC-TE 

Commander, Anniston Army Depot, Anniston, AL  36202 
1 ATTN:  AMXAN-QA 

Commander, Letterkenny Army Depot, Chambersburg, PA  17201 
1 ATTN:  AMXLE-QA 

Commander, Lexington-Bluegrass Army Depot, Lexington, KY  40507 
1 ATTN:  AMXLX-QA 

Commander, New Cumberland Army Depot, New Cumberland, PA  17070 
1 ATTN:  AMXNC-QA 

Commander, Pueblo Army Depot, Pueblo, CO  81001 
2 ATTN:  AMXPU-Q 

Commander, Red River Army Depot, Texarkana, TX  75501 
1 ATTN: AMXRR-QA 

Commander, Sacramento Army Depot, Sacramento, CA  95801 
1 ATTN:  AMXSA-QA 

Commander, Savanna Army Depot, Savanna, IL  61074 
1 ATTN:  AMXSV-QA 

Director, AMC Ammunition Center, Savanna, IL  61074 
1 ATTN: ANXAC-DE 

Commander, Seneca Army Depot, Romulus, NY  14541 
1 ATTN:  AMXSE-RG 

Commander, Sharpe Army Depot, Lathrop, CA  95330 
1 ATTN:  AMXSH-QE 

Commander, Sierra Army Depot, Herlong, CA  96113 
1 ATTN: AMXSI-DQA 

Commander, Tobyhanna Army Depot, Tobyhanna, PA  18466 
1 ATTN:  AMXTO-Q 

Commander, Tooele Army Depot, Tooele, UT  84074 
1 ATTN:  AMXTE-QA 

1 Chief, Bureau of Naval Weapons, Department of the Navy, 
Washington, DC  20390 

1 Chief, Bureau of Ships, Department of the Navy, Washington, DC 
20315 
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Minnesota Mining and Mfg. Co., 900 Bush Avenue, St. Paul, MN  55106 
1 ATTN:  R. L. Rebertus 
1       D. G. Weiblen 

6570 AMRL, Toxic Hazards Branch, Wright-Patterson AFB, OH  45433 
1 ATTN: S. Brocheshoulder 

National Aeronautics and Space Administration, Lewis Research 
Center, 2100 Brookpark Road, Cleveland, OH  44135 

1 ATTN: D. E. Kuivinen 

Aerojet-General Corporation, Box 1947, Sacramento, CA  94809 
1 ATTN:  P. J. Klass 

Thiokol Chemical Corporation, Wasatch Division, P. 0. Box 524, 
Bringham City, UT  84302 

1 ATTN:  D. B. Davis 

Thiokol Chemical Corp., Huntsville, AL 
1 ATTN:  A. Guzzo 
1       W. Betjen 

Hercules Powder Company, Allegany Ballistics Laboratory, 
Cumberland, MD  21501 

1 ATTN:  Analytical Chemistry Laboratory 

Rocketdyne, 6633 Canoga Avenue, Canoga Park, CA  91304 
1 ATTN: E. F. Cain 
1       V. Dayan 

Commander (AMSMI-RCK), U. S. Army Missile Command, Redstone Arsenal, 
AL  35808 

1 ATTN:  B. J. Alley 

U. S. Army Chemical & Radiological Laboratory, Chemical Process 
Division, Edgewood Arsenal, MD  21010 

1 ATTN:  Paul Henderson 

Aerospace Medical Research Lab., Wright-Patterson Air Force Base, 
Dayton, OH  45433 

1 ATTN: Mr. Townsend 

Air Force Rocket Propulsion Laboratory (RPCC), Edwards, CA  93523 
1 ATTN:  W. S. Anderson 
1       L. S. Dee 

TRW System, Inc., 1 Space Park, Redondo Beach, CA  90200 
1 ATTN: A. Grunt 
1       J. Denson 

18 



Hercules Powder Co., Hercules Research Center, Wilmington, DE 
19899 

1 ATTN: A. Z. Connor 

Lockheed Propulsion Company, P. 0. Box 111, Redlands, CA  92374 
1 ATTN:  Scientific & Technical Library 

Thiokol Chemical Corporation, Elkton, MD  21921 
1 ATTN:  I. L. DeWitt 

1 Commander, U. S. Army Research Office, Office Chief of Research and 
Development, 3045 Columbia Pike, Arlington, VA  22204 

U. S. Naval Weapons Center, China Lake, VA  93557 
1 ATTN:  D. H. Stewart 
1        F. B. Fisher 

NASA Langley Research Center, Hampton, VA 
1 ATTN:  R. L. Swain 

NASA Marshall Space Flight Center, Huntsville, AL 
1 ATTN:  J. Nunnelley 

NASA MCS-WSMR Operations, White Sands, NM 
1 ATTN:  I. D. Smith 

Bell Aerosystems Co., Buffalo, NY 
1 ATTN:  J. C. Tynan 

Hercules (Sunflower), Lawrence, KS 
1 ATTN:  J. S. Maurer 

Badger Army Ammunition Plant, Olin Mathieson Chemical Corp., 
Baraboo, WI 

1 ATTN: R. J. Thiede 

Badger Army Ammunition Plant, Baraboo, WI 
1 ATTN: E. Johnson 

Olin Mathieson Chemical Corp., Marion, IL 
1 ATTN:  C. Vineyard 

Olin Mathieson Chemical Corp., East Alton, IL 
1 ATTN:  D. Zaiden 

Hercules Powder Company, Kenvil, NJ  07847 
1 ATTN:  H. A. Read 
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U. S. Naval Ordnance Station, Indian Head, MD  20640 
1 ATTN:  A. R. Lawrence 
1       W. Gogis 
1       J. G. Tuono 
1       M. I. Fauth 
1       W. Barber 

Martin Company, Denver Division, Mail No. A-104, P. 0. Box 179, 
Denver, CO  80201 

1 ATTN:  A. 0. Williams 

Esso Research and Engineering Company, P. 0. Box 8, Linden, NJ 
07036 

1 ATTN:  M. T. Melchior 

Chemical Analysis Unit, OOAMA(OOMQQCA), Odgen Air Material Area 
Hill Air Force Base, Utah  84401 

1 ATTN:  G. W. Petty 

Odgen Air Material Area, Hill Air Force Base, Utah  84401 
1 ATTN:  N. W. Habertson 

The Chemical Propulsion Information Agency, The John Hopkins 
University Applied Physics Laboratory, 8621 Georgia Avenue, 
Silver Spring, MD  20910 

1 ATTN: Mr. L. Piper 

Hercules Powder Company, Bacchus Works, P. 0. Box 250, Salt Lake 
City, Utah  84112 

1 ATTN:  R. J. DuBois 

Allied Chemical Corporation, General Chemical Division, Research 
Laboratory, P. 0. Box 405, Norristown, NJ  07960 

1 ATTN: L. V. Haff 

Olin Mathieson Chemical Corporation, 275 Winchester, New Haven, 
CT  96511 

1 ATTN:  A. Nichols 

United Technology Center, 1050 E. Arques Avenue, Sunnyvale, CA 
94087 

1 ATTN:  H. J. Hyer 
1       J. C. Matthews 

Jet Propulsion Laboratory, California Institute of Technology, 
4800 Oak Grove Drive, Pasadena, CA  91103 

1 ATTN: D. D. Lawson 
1       J. D. Ingham 
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Naval Research Laboratory, Washington, DC  20375 
1 ATTN:  Dr. J. M. Krafft, Code 8430 

Commander, Wright Air Development Division, Wright-Patterson AFB, 
OH  45433 

2 ATTN:  ASRC 

Director, Air Force Materiel Laboratory, Wright-Patterson AFB, 
OH  45433 

1 ATTN:  AFML-DO-Library 

Director, Army Materials and Mechanics Research Center, Watertown, 
MA  02172 

2 ATTN:  AMXMR-PL 
1        AMXMR-M 
1        AMXMR-P 
1 AMXMR-RA, Mr. F. Valente 
2 AMXMR-MQ 
1        AMXMR-MS 
1        AMXMR-MN, Mr. H. Hatch 

Commander, Hercules Powder Company, Radford, VA  24141 
1 ATTN:  E. G. Simpson 

Texaco, P. 0. Box 509, Beacon, NY  12508 
1 ATTN:  E. Stehr 

University of California, Bldg. 101, Rm. 1223, P. 0. Box 808, 
Livermore, CA  94551 

1 ATTN:  W. Selig 

U. S. Naval Weapons Station, Concord, CA  94520 
1 ATTN:  D. H. Smathers 

1 Commander, Lake City Army Ammunition Plant, Independence, MO 
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